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ABSTRACT
One of the most important challenges for the South East Europe region will be replacing
more than 30%of its presently installed fossil fuel generation capacity by the end of 2030,
andmore than 95%by 2050 if its age structure is considered. This requires a strong policy
framework to incentivise new investments in a region currently lacking investors, but also
presents an opportunity to shape the electricity sector over the long term according to
the broader energy transition strategy of the EU and the Energy Community. The aim
of this paper is to assess what type of long-term pathways exist for electricity sector
development in the region if they follow the energy transition process of the EU. In
this model-based scenario assessment, long term electricity sector futures are explored
using a set of interlinked electricity models evaluating the level of renewable energy
investment required in the region to reach a deep decarbonization target, assuming
emission reduction above 94% by 2050 compared to 1990 in line with the long term
market integration and climate policy goals of the EU. It also explores what are the
most important system wide impacts of the high deployment of renewable energy
concerning generation adequacy and security of supply.
Key policy insights
. Energy policies in the South East Europe (SEE) region, both at thenational and regional
level, should focus on enabling renewable energy integration, as this will be a key
component of the future energy mix.
. EU and Energy Community policies should be incorporated into national energy
planning to ensure that SEE countries embark on the energy transition process at
an early stage.
. Stranded costs should be carefully considered in decision-making on new fossil-fuel
generation and gas network investment in order to avoid lock-in to carbon
intensive technologies.
. If consistent decarbonization policy prevails, with a signiﬁcant and persistent CO2
price signal, the role of natural gas remains transitory in the region.
. The SEE region oﬀers relatively cheap decarbonization options: the power sector can
reduce GHG emissions above 94% by 2050 in the modelled scenarios.
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Introduction
South East Europe is a diverse region with respect to its electricity sector development. This study deﬁnes the
region as six Energy Community countries (Albania, Bosnia and Herzegovina, Kosovo, former Yugoslav Republic
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(FYR) of Macedonia, Montenegro and Serbia, collectively referred to as WB6) and three EU member states: Bul-
garia, Greece and Romania.1 The electricity network of the region is well connected; energy policies have started
to become more harmonized as a result of the EU accession process, the Energy Community Treaty and, more
recently, the Energy Union initiative supporting a regional approach to sector development. As a result of these
initiatives, the region is expected to follow the transition path of the EU toward a secure, aﬀordable and climate-
friendly energy sector in the long term.
One of the most important challenges for the region will be replacing more than 30% of its presently installed
fossil fuel generation capacity by the end of 2030 and more than 95% by 2050, taking account its age structure.
This requires a strong policy framework to incentivise new investments in a region currently lacking investors,
but also presents an opportunity to shape the electricity sector over the long term according to the broader
energy transition strategy of the EU and the Energy Community. A recent OECD study on the competitiveness
of South East Europe (SEE) (OECD, 2018) also underlines the need for regionally integrated electricity markets, as
well as the importance of strong policy frameworks both in electricity market reforms and in the environmental
ﬁeld, to attract investment to the WB6 countries that is sustainable over the long term.
The aim of this paper is to assess what type of long-term pathways exist for electricity sector development in
the region, if the countries follow the energy transition process of EU Member States. The region is modelled in the
SEERMAP project (South East European Electricity Roadmap), which uses a model-based assessment of various
long-term electricity scenarios.2 (Szabó et al., 2017) The main research questions in this paper are the following:
. Can deployment of renewable energy sources (RES) enable cost-eﬀective decarbonization? Which types of
RES technologies could support the energy transition process of the SEE region?
. What are the most important system wide impacts of high renewables deployment – e.g. concerning ade-
quacy of generation, and security of supply?
. To what extent can the electricity sectors of the SEE region contribute to the decarbonization targets set by
the EU and the Paris Agreement?
While many similar evaluations have addressed these questions for EU member states [EU Energy and
Climate Roadmaps (European Commission, 2011, 2012), ECF roadmap (European Climate Foundation, 2010)],
they did not cover the SEE region, where mainly individual country-based assessments exist. In contrast, a
regionally focused assessment is carried out in the SEERMAP project, where the most important results are intro-
duced in this paper concerning changes in the generation portfolio, system impacts and cost eﬀects.
In this model-based scenario assessment, long term electricity sector futures are explored using a set of ﬁve
high resolution models incorporating the crucial inputs driving electricity policy and investment decisions. The
European Electricity Market Model (EEMM) and the Green-X model together (through multiple step iterations)
assess the impact of diﬀerent scenario assumptions on power generation investment and dispatch decisions.
Normative scenarios, evaluating the level of RES investment required in the region to reach a deep decarbo-
nization target, assuming emission reductions above 94% by 2050 compared to 1990, are explored. In addition, a
scenario without a decarbonization target (‘No target’ scenario) is assessed, where we assume that power plants
currently included in national energy strategies are built. This can be considered as a ‘best guess’ of where
current energy policies will lead.
The article is structured as follows. This introduction is followed by a review of recent long term energy mod-
elling of the SEE region and Europe. Next, we introduce the methodology followed by the detailed presentation
of the modelled results. The conclusion is divided into two sections: research conclusions and main policy
recommendations.
Literature overview
A number of energy sector modelling exercises have been carried out for the SEE region. We review studies for
individual countries in the region, as well as studies which cover the electricity sector of the EU, since three of the
nine countries in focus are EU member states and others are candidate or potential candidate countries, with
electricity grids already connected with the EU.
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Based on the review of the literature, there are a limited number of modelling exercises which assess long-
term scenarios for the electricity sector in SEE as a whole. One exception is Dominković et al. (2016), which
assesses the feasibility of achieving 100% renewable energy generation in SEE using a model covering 11
countries. Most other models are national or EU models; however, the latter omit non-EU countries in the
SEE region. In single country models, either the price of imported electricity or the size of net imports have
to be set exogenously, making assessment of the interactions between the SEE and other electricity markets
impossible. The PRIMES model is the exception, as it has been used to develop reference scenarios for countries
in the Western Balkans; however, these results have not been published in academic journals.3 All published
studies have therefore depicted national or SEE regional electricity systems as operating in an island mode, sep-
arated from the rest of the European electricity market. This is a limitation that our modelling exercise has over-
come by modelling the entire European electricity sector.
With some exceptions (e.g. Capros, Tasios, De Vita, Mantzos, and Paroussos, 2012; Dedinec et al., 2016; E3M
Lab, 2017), models take electricity demand as exogenous and model the supply side only, similarly to the EEMM
model used for this study.
The reviewed models are technologically explicit, and also depict electricity sector supply (and when mod-
elled, demand) in a detailed way, usually by including hourly data on load and availability. The level of techno-
logical detail diﬀers. Most models either do not account for storage technologies or provide for a simpliﬁed
depiction of storage (e.g. Haller, Ludig, and Bauer (2012) consider two generic storage technologies).
Most studies, with the exception of E3M Lab (2017), and Szabó et al. (2017) do not model the operation of the
electricity market explicitly. E3M Lab (2017) assumes the sequential operation of organized markets at day-
ahead, intraday and real time timeframes involving detailed simulation by time slice and country. The study
includes scenarios that assume electricity-only markets, as well as scenarios involving the diﬀerent implemen-
tation of capacity mechanisms. In Szabó et al. (2017), the operation of electricity markets applies competitive
price setting with day ahead markets modelled for 90 representative hours, but no capacity market mechanisms
are assumed in the applied EEMM model.
Most studies do not provide a detailed description of the methodology for estimating technical or economic
renewables potential. An exception is the LIMES-EU+ model (Haller et al., 2012) where installable generation
capacities and maximum capacity factors per region and 6-hour time wedges are derived from gridded meteor-
ological data. Regional constraints on biomass consumption are taken from available literature.
In contrast, the Green-X model used in our study provides a detailed methodology for estimating physical and
economic renewables potential. It builds onmeteorological data for some of the key RES technologies like wind and
solar power. This data was combined with land use and other constraints to serve as input for GIS-based modelling.
Long-term (year-2050) realizable technical potentials were matched with economic data to serve as the basis for
deriving cost-resource curves. Diﬀusion constraints reﬂect non-cost barriers such as grid access or permitting pro-
cesses, and limit the uptake of a speciﬁc RES technology within a country or region over the short term. On the other
hand, technological learning or changes in ﬁnancing parameters (e.g. the weighted average cost of capital, WACC)
facilitate certain RES developments. A further assessment of long term energy scenario models applied to the elec-
tricity sectors of South East Europe is placed in the online appendix comparing the studies of Ćosić et al. (2013), Del
Rio et al. (2017), Georgopolou et al. (2015), Mezősi et al. (2016), and Koratinov, and Veselka (2003).
Methodology
Scenarios and main assumptions
The replacement of aging power plants across most of SEE in the coming years presents aﬀordability, security of
supply and decarbonization related challenges, but there are several potential long-term capacity development
strategies that can meet these requirements.
To assess the eﬀects of diﬀerent policy decisions, we have modelled three scenarios; the following table sum-
marizes the main assumptions driving the scenarios. It is important to note that other, mainly non-policy related,
assumptions are the same for all three scenarios, so the eﬀect of diﬀerent policy decisions can be isolated and
compared (Table 1).
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The scenarios diﬀer with respect to CO2 emission reduction targets and the new fossil-fuel based generation
capacities included in the model. RES capacity expansion is an important result of the modelling carried out in
SEERMAP. As the other drivers of CO2 reductions (energy eﬃciency, nuclear power) are kept constant across
scenarios, it is the RES expansion that will achieve the targeted emission reduction. The overall level of RES
capacity can be viewed as a ‘normative’ constraint in this modelling framework. However, the RES capacity dis-
tribution – amongst the countries and amongst the technologies – is an important result of the modelling. The
results of the modelling with respect to the economic and energy security implications of a very high RES share
also provide interesting insights.
The ‘no target’ scenario projects the implementation of current energy policy without CO2 emission reduction
targets in the EU and Western Balkans. Although a CO2 target is not imposed, producers face CO2 prices. Currently
planned fossil fuel power plants are entered into the model exogenously, and information from oﬃcial national
strategies/plans and from local experts are taken into account. The scenario assumes countries meet their 2020
renewable target, then gradually phase out support for renewables between 2021 and 2025.
EU policy (European Commission, 2011) sets a long-term indicative emission reduction goal of 93-99% for the
electricity sector by 2050. The ‘decarbonization’ scenario, representative of a sustained eﬀort to reach signiﬁcant
reductions in CO2 emissions, assumes an emission reduction target within this range, that is, 94% for the EU28 +
WB6 region. Targets are not fulﬁlled nationally, but are set at a regional level, with separate targets for the
SEERMAP region and for the rest of the EU. This implies that emission reductions will vary among individual
SEE countries depending on where emissions can be reduced most cost-eﬃciently. This scenario only includes
planned investments which had a ﬁnal investment decision in 2016, leading to a lower exogenous fossil fuel
capacity than assumed in the ‘no target’ scenario.4 RES support is calculated endogenously to enable countries
to reach the prescribed decarbonization target by 2050 with the necessary renewable investment.
The ‘delayed’ scenario involves an initial implementation of current (fossil-fuel) investment plans followed by
a change in policy direction from 2035 onwards. The increased RES support from 2035 onwards enables the SEE
group of countries to reach the same CO2 emission reduction target as in the ‘decarbonization’ scenario.
Due to distinct generation capacities, the scenarios result in diﬀerent power production mixes, thus diﬀerent
CO2 emission levels per country, investment needs, wholesale price levels, patterns of trade, and macroeco-
nomic impacts.
Main assumptions
To ensure the comparability of scenarios with respect to the impact of the diﬀerent policy decisions resulting in
diﬀerent investment strategies over the next few decades, all scenarios share common framework assumptions
as described below.
Factors aﬀecting the cost of investment and generation
Investment costs for new generation technologies are taken from EIA (2017) and Green-X and are available in
the online Annex. Investment costs reﬂect the cost reductions induced by technological learning end develop-
ment, but no diﬀerence in this cost reduction is assumed between the scenarios.
WACC has a signiﬁcant impact on the cost of investment, with a higherWACC leading to lower net present value
and limiting the scope of proﬁtable investment. WACC values used in the modelling are country-speciﬁc, modiﬁed
Table 1. Summary of main assumptions in the three modelled scenarios (Szabó et al., 2017).
No target Delayed Decarbonization
CO2 target No target 94% reduction by 2050 94% reduction by 2050
Fossil plants National plans: all
PPs
National plans: all PPs National plans: only PPs with Final
Investment Decision
SEERMAP RES
target
Phase out of support
after 2025
Continuation of current support policies till 2035 and
then high uptake to reach the 2050 target
More ambitious RES deployment from
2020 to reach the 2050 target
Shared
assumptions
Demand, technology costs, CO2 and fossil fuel prices, gas infrastructure, WACC, network infrastructure
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by technology and policy instrument-speciﬁc risk factors. The country-speciﬁc WACC values (see Online appendix,
Table 5) are assumed to vary between 10 and 15% in 2016 for the countries in the region, decreasing to between 9.6
and 11.2% by 2050, and are based on the results of the Diacore project (Fraunhofer ISI, 2016). Other studies verify
the high WACC values in the region: Ecofys & Eclareon (2017) estimated 7–13.7% for onshore wind and 7–12.4% for
PV and IRENA, Joanneum Research, and University of Ljubljana (2017) assumed 8–10% for SEE countries for 2016.
The online Annex provides country details on the assumed WACC levels and their time dynamics.
Future natural gas prices are estimated with REKK’s EGMMmodel, which is a partial equilibrium model with a
detailed representation of European gas infrastructure.5 Country-level gas prices in the SEERMAP region increase
by between 66% and 93%, from 20 to 30–35 €/MWh. The price of coal is taken from EIA (2017) and is expected to
grow by close to 15% from 2016 to 2050.
A carbon price is applied across the entire modelling period for EU member states and from 2030 onwards for
the entire SEE, as it is assumed that all modelled (candidate and potential candidate) countries will implement
the EU Emissions Trading Scheme (ETS) or a corresponding scheme by 2030. For 2030 the assumed carbon price
level is 33.5 EUR/tCO2, which rises to 88 EUR/tCO2 by 2050, in line with the EU Reference Scenario 2016 (Euro-
pean Commission, 2016). This EU Reference Scenario reﬂects the impacts of the full implementation of existing
legally-binding 2020 targets and EU legislation, but does not result in the ambitious emission reduction targeted
by the EU as a whole by 2050. This price is therefore a medium level estimate compared with other estimates of
EU ETS carbon prices by 2050. A sensitivity case assessment, where we assumed only half the reference carbon
value, is also carried out and its impacts are presented.
Renewable energy sources and technologies
RES modelling generally builds on the principle of least cost deployment, whereby rational investors choose the
best locations (with lowest cost) ﬁrst and the levelised cost of electricity (LCOE) for new capacities increases over
time due to limited resource availability. At the same time, technology learning reduces LCOE, so the net impact
is the result of these two opposing eﬀects. The relationship between the cost of RES technologies and installed
capacity is shown in Figure 1 for the SEE region, but does not account for the learning curve adjustments which
were embedded in the Green-X model.
Demand
Projected electricity demand is based – to the extent possible – on data from oﬃcial national strategies. Where
oﬃcial projections do not exist, electricity demand growth rates are based on the EU Reference scenario (Euro-
pean Commission, 2016) for 2013 or 2016 (for non-MS and MS respectively).
Figure 1. Long term cost and potentials of renewable technologies (EUR/MWh) in the SEE region.
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The PRIMES EU Reference scenario assumes low levels of electriﬁcation of transport and space heating and
low levels of energy eﬃciency compared with a decarbonization scenario. The average annual electricity growth
rate for the SEERMAP region as a whole is 0.74% between 2015 and 2050 but annual demand growth varies
signiﬁcantly between countries (e.g. 0.2% in Greece compared to 1.7% in Bosnia and Herzegovina). While the
growth rate across all SEE EU countries is below 0.7%, WB6 countries foresee above 1% rates, with the exception
of Macedonia, where this rate is 0.8%.
Demand side management (DSM) measures are not adopted until 2035 and shift 3.5% of total daily demand
from peak to base load hours by 2050. This is considered a conservative approach compared to other projec-
tions from McKinsey (2010) or TECHNOFI (2013).
Infrastructure
ENTSO-E Net Transfer capacity (NTC) data from 2015 is used in the modelling. Future cross border capacity
values are based on the ENTSO-E TYNDP 2016 (ENTSO-E, 2016), ENTSO-E (2015a) and the 100% RES scenario
of the E-Highway projection (ENTSO-E, 2015b).
New gas infrastructure follows ENTSO-G TYNDP 2017 (ENTSO-G, 2017); TAP and TANAP are constructed
between 2016 and 2021 and the Revithoussa and Krk LNG terminals are also built. This results in higher
access to natural gas in the region: currently two WB6 countries completely lack access to natural gas
connections.
Results
The modelled scenarios lead to signiﬁcant changes in the capacity mix of the SEERMAP region. This paper brings
three aspects into focus: changes to the generation portfolio mix; variation of system adequacy; and the long-
term trend in carbon dioxide emissions.
Portfolio changes in the power sector
Figure 2 illustrates the changes in the capacity mix in the modelled three scenarios for the period up to 2050.
In all three scenarios the capacity mix shifts away from fossil fuels towards renewable capacities, driven by
increasing carbon prices and decreasing renewable technology costs. Coal and lignite capacity falls from
24.2 GW in 2016 to 6. GW by 2050 in the ‘no target’ and ‘delayed’ scenarios, and to 1.2 GW in the ‘decarboniza-
tion’ scenario. By 2050, most of the remaining coal capacities are located in Bosnia and Herzegovina, Kosovo and
Serbia in both the ‘no target’ and ‘delayed’ scenarios, with 2000, 1100 and 1400 MW capacity respectively. (Of
this capacity, 600 MW in Kosovo is equipped with carbon capture and storage (CCS) and has been included in
the model exogenously in these two scenarios. CCS capacity does not enter into the model endogenously as the
cost of CCS is higher than that of renewables. In the ‘decarbonization’ scenario the entire remaining coal
capacity in the SEERMAP region is based in three countries: Bosnia and Herzegovina, Bulgaria and Greece.
Nuclear capacity investment decisions are not modelled but driven by exogenous assumptions; apart from
the two existing plants in Bulgaria and Romania, 1400 MW capacity are added in Romania by 2028 in accordance
with national strategy.
Renewable capacity becomes dominant in all three scenarios. The uptake of wind capacity from 2016 to 2050
is signiﬁcant across scenarios, tripling from 6 to 20 GW in the ‘no target’ scenario. In the two scenarios with a
decarbonization target for 2050 the growth is even more substantial, with wind capacity reaching 41 and
36 GW in the 2050 ‘delayed’ and ‘decarbonization’ scenarios respectively.
Solar capacity expansion is comparable to wind capacity in the region by the end of the modelling period in
all scenarios. Although photovoltaic is more expensive than wind generation throughout the modelled period,
investment in small scale photovoltaic installations are incentivized by participation in retail electricity markets
whereas wind and large scale PV farms compete against the wholesale electricity price. The growth in hydro
capacity is the lowest of the three main RES technologies. According to expert consultation within the course
of this study, more dynamic hydro capacity development is constrained by sustainability concerns and compet-
ing water uses.
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Similar trends unfold on the generation side, with photovoltaic and wind generation replacing outgoing coal
and lignite based generation. This occurs slowly over the ﬁrst 15 years and more rapidly after 2030. In the ‘no
target’ scenario, when new RES generators do not receive support from 2020 onwards, PV and wind develop-
ment is initially slow, still only slightly above 2020 levels by 2040. However, in the last modelled decade even
without subsidies PV and wind generation expands rapidly in the ‘no target’ scenario, driven by the increasing
wholesale prices and falling technology costs.
Depending on the scenario, the role of natural gas within the regional electricity system as a ‘bridging’ fuel
varies. In the ‘no target’ scenario electricity generation from natural gas initially increases by a factor of more
than four, while in the ‘decarbonization’ scenario the bridging role of natural gas is more short lived, and at
its peak increases only by a factor of two. This increase in generation can be accommodated without a need
to increase generation capacity. From 2030 to2040 the share of natural gas generation broadly declines in all
scenarios, only keeping a sizable share in the ‘no target’ scenario. It is a topic for further research to assess
whether all currently planned gas infrastructure developments are needed to satisfy the modelled gas
demand, or whether investment in gas infrastructure will create a new set of stranded assets in the region
over the long term. As this modelling only partially covers gas demand (household and industrial consumption
is not modelled), the SEERMAP assessment cannot provide a fully reliable answer.
Studies like Capros et al. (2012) and Haller et al. (2012) also assess the long-term role of gas in long term
energy scenarios. Capros et al. (2012) ﬁnd regional natural gas demand to be constant over time in the
region, which does not support large inter-country investments in infrastructure, while Haller et al. (2012)
show that the role of gas generation increases after 2030 but can be limited by emission constraints.
Althoughmost SEERMAP countries follow the broad regional trend highlighted in Figure 3, noteworthy diﬀer-
ences can be observed at country level. While most countries will be self-suﬃcient by 2050, imports in Bulgaria
and Serbia will increase signiﬁcantly by 2050. Albania and Montenegro, in contrast, become net exporters due to
their favourable RES potential within the region. As Figure 4 illustrates, in these net exporting countries the elec-
tricity sector will exclusively rely on RES generation, where hydro power based generation will dominate.
Figure 2. Installed capacities in the assessed scenarios, aggregated SEERMAP region
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Figure 3. Electricity generation in the modelled scenarios for the SEERMAP region.
Figure 4. Electricity generation in the modelled scenarios by country level, 2050.
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Hydropower remains signiﬁcant in Bosnia and Herzegovina, FYR of Macedonia and Serbia, while variable PV and
wind generation grow more in Greece, Bulgaria and Romania. Interestingly, while nuclear generation helps
Romania reach self-suﬃciency, Bulgaria will still rely on signiﬁcant imports in spite of the sizeable nuclear gen-
eration share.
Security of supply
The scenarios assume physical and commercial integration of national electricity markets of the SEE countries,
which generally improves security of supply. However, for energy systems with a high share of variable renew-
ables, security of supply concerns may arise. In order to assess the validity of these concerns, three security of
supply indices were calculated for all countries and scenarios: the generation capacity margin, the system ade-
quacy margin, and the cost of increasing the generation adequacy margin to zero.
The generation adequacy margin, deﬁned as the diﬀerence between available capacity and hourly load as a
percentage of hourly load, was calculated for all of the modelled 90 representative hours with the lowest value
used as the indicator.6 System adequacy was deﬁned in a similar way, but net transfer capacity is added to avail-
able domestic capacity. In cases where the generation adequacy indicator was negative, the cost of increasing
the generation adequacy margin to zero was calculated, deﬁned as the yearly ﬁxed cost of an open cycle gas
turbine (OCGT) with adequate capacity to ensure that the generation adequacy margin reaches zero. This cost
indicator can be interpreted as a capacity fee.
Figure 5 shows the calculated indices for the SEERMAP in 2030 and 2050.
Although Figure 5 illustrates generation and system adequacy indicator values for the ‘decarbonization’ scen-
ario, the trends in other scenarios are similar. Albania, Kosovo and Serbia face the biggest challenge, as their
generation adequacy indicators are negative for some years. In contrast, the system adequacy margin is positive
for all countries. This underlines the importance of deepening cross-border cooperation within the region and
implementing the rules of functioning market institutions.
Figure 5. Generation and system adequacy indices in the ‘decarbonization’ scenario, 2030, 2050.
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Impacts on carbon dioxide emissions
The CO2 emissions of the threemodelled scenarioswere calculated, but due to data limitationswedid not account for
other greenhouse gases andonly considered emissions fromelectricity generation, not including emissions related to
heatproduction fromcogeneration. Thecalculationswerebasedon representativeemission factors for the region. The
94% decarbonization target for the EU28 +WB6 region translates into a higher than average level of decarbonization
in the SEERMAP region for the electricity sector; by 2050 regional CO2 emissions are 95.9% and 98.7% lower than 1990
levels in the ‘delayed’ and ‘decarbonization’ scenarios respectively. This is due to a relative advantage for renewable
electricity generation in the region compared with the European electricity sector in general, despite higher WACC
levels than in the EU. The comparative advantage for the region relative to the EU lies in hydro potential and solar
irradiation. Figure 6 shows that even in the ‘no target’ scenario, substantial carbon reduction – close to 91% by
2050 – is achieved driven by the carbon value path which results in a changing generation mix.
This result underlines the importance of carbon pricing in the electricity sector. An eﬃciently operating carbon
market in the region can drive signiﬁcant decarbonization trends, with declining emissions in countries where high
RES potential oﬀers higher emission reduction potential. An important consideration is whether the region can
achieve this operative carbon market in an integrated way – through a regional scheme or by joining the EU ETS –
or in a fragmentedmanner. This latter approachwouldhave thedisadvantage that somecountrieswouldpursue strat-
egies to increase fossil-fuel based generation, resulting in ineﬃcient long term outcomes (i.e. carbon lock-in).
The signiﬁcant emission reduction in the ‘no target’ scenario is a result of lower fossil fuel power plant util-
ization rates and the availability and viability of low carbon generation capacities. Bosnia and Herzegovina, Bul-
garia, Greece, and Montenegro all have coal capacities that will become uneconomical and exit the market
before the end of their commercial lifetime, resulting in a higher level of stranded costs.
The emissions proﬁle of countries in the region varies signiﬁcantly, but in the ‘delayed’ and ‘decarbonization’
scenarios emission reduction reaches high levels in all countries. FYR of Macedonia, Montenegro and Serbia
each achieve a zero emission electricity sector by 2050 under the ‘decarbonization’ scenario.
Economic impacts
The previously described physical changes in the SEE electricity network lead to signiﬁcant economic impacts on
the electricity system. In the following table, these impacts on prices, renewable support and investment levels,
as well as on stranded costs, are summarized for the assessed scenarios (Table 2).
Figure 6. CO2 emissions in the modelled scenarios in the SEERMAP region an in the EU and WB6, 2020–2050 (mt).
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Table 2. Economic indicators of the modelled scenarios.
2020 2030 2040 2050
REF Delayed Decarbonization REF Delayed Decarbonization REF Delayed Decarbonization REF Delayed Decarbonisation
Wholesale price, €/MWh 41.0 41.0 42.1 60.2 58.9 59.5 77.7 80.2 81.4 90.5 73.0 74.5
RES support, €/MWh 5.1 5.1 5.1 4.2 4.0 6.6 0.4 2.6 3.0 0.1 24.3 2.0
Investment cost, m€ – Total 11,198 11,188 4843 10,600 21,577 31,198 22,767 31,657 37,865 38,689 63,498 54,139
Investment cost, m€ – RES 2635 2625 2606 2275 14,446 31,198 16,984 29,993 36,216 35,855 61,108 54,139
Stranded cost, m€ – – – – – – – – – 6886 6600 1650
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Wholesale prices increase signiﬁcantly in the modelled period, doubling by 2040 from present levels. This
increase is driven by the continuously increasing carbon price level, and by increasing fossil fuel prices,
mainly natural gas. After 2040, the wholesale electricity price starts to fall in the ‘delayed’ and ‘decarbonization’
scenarios due to merit order eﬀects of RES: low variable cost renewable generation crowds out high variable cost
fossil-fuel based generation (gas and coal), reducing wholesale electricity prices by 6 €/MWh over the last 10
years. The SEE region belongs to one price zone with only minor diﬀerences amongst countries, indicating
the suﬃciency of the transmission capacity in the region.
With the exception of the ﬁrst decade, generation investments are dominated by renewable technologies,
even in the ‘no target’ scenario. The average RES support required to reach high penetration levels of RES in
the decarbonization scenario remains low, peaking in 2030 but even then remaining below 6.6 €/MWh and
decreasing thereafter as a result of increasing wholesale prices and the falling cost of RES technologies. A
higher wholesale price would generally be reﬂected in end-user prices, which is often perceived negatively.
However, a positive aspect of this trend is that it allows higher investment levels in the sector. The RES
support in 2050 in the ‘delayed’ scenario is an outlier indicating that postponed RES investments would signiﬁ-
cantly increase the cost of reaching the targeted 94% decarbonization levels.
Investment levels increase signiﬁcantly in all scenarios. This is partly due to the very low investment levels in
the sector presently, which has been characteristic of the region during the last decades, but mainly to the trans-
formation of the electricity sector from carbon intensive coal and lignite towards renewables in the ‘delayed’ and
‘decarbonization’ scenarios.
Stranded costs emerge in the ‘no target’ and ‘delayed’ scenarios during the second half of the assessed
period due to the under-utilization of fossil-fuel based capacities. Stranded costs are calculated as the sum of
the non-recovered annualized ﬁxed costs, i.e. costs that are not covered by any realized proﬁts (income
above variable costs) over the whole lifetime of the coal and gas-based capacities. In the ‘delayed’ and ‘no
target’ scenarios, coal and lignite plants built in the 2018-2030 period (18.4–19.7 GW according to the current
oﬃcial energy policies in the region) become stranded, resulting in close to €7 billion worth of stranded
costs. Stranded costs are signiﬁcantly lower, €1.6 billion, in the ‘decarbonization’ scenario where most
planned new coal assets do not materialize (limited to 4.5 GW).
These stranded cost estimates indicate technology lock-in occurring mainly in the ‘no target’ and ‘delayed’
scenarios in the region, a similar result to Capros et al. (2012). To better represent the scale of stranded costs, an
indicator was calculated, showing the burden of this cost if spread over the electricity consumption of the 10-
year period of 2040–2050. In the ‘no target’ and ‘delayed’ scenarios, the value is 2.5–2.6 €/MWh, higher than the
average RES support needed in the post 2030 period for decarbonizing the electricity system, but falls to €0.5/
MWh in the decarbonization scenario.
The household electricity expenditure to disposable income ratio is also measured under the various scen-
arios. The present average level of 2.5% household electricity bill is increased to around 3% by 2050 in the
region, where the assumed income growth eﬀectively limits the increase of this expenditure share. The
delayed scenario is an exception, where the share increases even further, to 4%. It must be emphasized that
the increase in electricity expenditure is present in the ‘no target’ scenario as well; the modelled expansion
in RES capacities does not put further pressure on household expenditure. These expenditure shares,
however, are regional ones. Some countries are exposed to higher expenditure deviations, such as Bosnia
and Herzegovina, Bulgaria and FYR of Macedonia, which are characterized by higher shares of old coal capacities
and lower RES potential. Electricity price increase is a sensitive issue in the region, as a signiﬁcant proportion of
households live in energy poverty and are very vulnerable to energy price increases. As the projected wholesale
price increase needs to be reﬂected in the end user prices, countries need to ﬁnd speciﬁc solutions for this group
of consumers, as artiﬁcially limiting the increase in end user price is not a viable policy option over the long term.
Sensitivity analysis of the carbon price
To quantify the impact of the assumed reference carbonprice, a low carbonprice sensitivity analysiswas also carried
out for the decarbonization scenario. where the reference carbon price is halved, reaching 44 €/tCO2 by 2050. At the
same time, the logic of the scenario ismaintained: a 94%decarbonization target still applies to the EU +WB6 region.
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We can observe the following pattern in the generation portfolio: higher RES capacity level is needed to reach
the same emission constraint, where PV generation gains a higher share compared to wind based generation.
The high level of the gas to coal switching rate is signiﬁcantly reduced compared to the base decarbonization
scenario. The wholesale price is signiﬁcantly lower than in the original ‘decarbonization’ scenario, by €22/MWh.
This has a large impact on the required RES support level, which is €35/MWh compared to the original €2/MWh
level in 2050. For end users the net eﬀect is an increase in the cost of electricity; based on the model results the
carbon price is an eﬃcient policy tool for decarbonization.
The export position of SEERMAP countries also improves. Both security of supply indicators, and generation
and system adequacy improve with a lower carbon price. The main results of the sensitivity analysis are pre-
sented in the online appendix.
Conclusions
The introduction of a well-functioning competitive market is a key driver for the SEE electricity sector. It will
enable more intra-regional trading opportunities between countries leading to price equalization and higher
RES deployment. Additionally, a uniform carbon pricing scheme would have a signiﬁcant impact on SEE electri-
city markets. If the carbon price increases signiﬁcantly compared with current levels, it can help RES penetration
in two ways: by reducing the proﬁtability of fossil-fuel based generation and at the same time reducing the level
of RES support needed (due to the impact of the carbon price on increasing the wholesale price). The modelling
results show that the highest average RES support level is below €6.6/MWh in all scenarios except the ‘delayed’
scenario, where in the last modelled decade, a relatively signiﬁcant increase in RES support is required to trigger
the required fast uptake necessary to meet the decarbonization target. Even in the ‘no target’ scenario where
new subsidies are not granted after 2020, RES deployment takes oﬀ after 2040 driven by the higher wholesale
prices and lower technology costs.
By 2050, RES can reach above 85% of electricity consumption in the region, but the contribution varies
between individual countries. Those with high RES potential, like Albania and Montenegro, become RES expor-
ters, while others, like Bulgaria and Serbia, exhibit less growth in RES output and increasing import dependence.
If introduced in a timely manner, a carbon pricing scheme would send the appropriate signal to investors and
reduce the risk of locking-in carbon intensive technologies. If currently planned coal and lignite investments are
realized, they will lead to stranded costs in the second half of the period (in the range of €2–8 /MWh in diﬀerent
SEE countries) exceeding the cost of RES support needed during the same period to decarbonize the electricity
sector. The utilization of fossil fuel plants will fall below required economic levels after 2040, with most newly
built coal and lignite plant entering early retirement.
There is a strong interaction between decarbonization policy and the role of gas in the power sector in the
long run. If consistent decarbonization policy prevails, with a signiﬁcant and persistent CO2 price signal, the role
of gas remains transitory in the region. Although a signiﬁcant increase is projected in electricity generation from
natural gas in the SEE region, more than quadrupling in the ‘no target’ and doubling in the ‘decarbonization’
scenarios by the middle of the modelled period, after 2030–2040 gas generation declines in all scenarios. In
the ‘delayed’ and ‘decarbonization’ scenarios, gas is mostly replaced by RES by 2050, with gas generation drop-
ping to a quarter of its 2016 level by 2050.
Results indicate that the SEERMAP region oﬀers relatively cheap decarbonization options: the region reduces
emissions by close to 99% compared to the 94% reduction level by 2050 assumed for the EU28 +WB6. Even in
the ‘no target’ scenario, emission reduction is signiﬁcant, in the range of 90%, due to the changes in the gen-
eration portfolio resulting from the increased carbon price.
The high penetration of renewables in all scenarios suggests that energy policy, both at the national and
regional level, should focus on lowering the cost of RES integration, as RES will be a key component of the
future energy mix. This means that the foundation of market institutions (power exchange, competitive allo-
cation of available transfer capacities with the neighbours) needs to be established as the ﬁrst step in the
energy transition process. Reducing risk premiums on ﬁnancing RES investments, e.g. by building up reliable
and predictable RES support schemes, could lead to signiﬁcant savings in ﬁnancing investment needs. Our mod-
elling shows that a cost eﬃcient RES uptake does not require an abrupt uptake of these technologies in the
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region, but rather a more steady and continuous development of RES capacities. In this way, SEE governments
could avoid the severe end user price impacts that a too-quick RES uptake would entail, but would still contrib-
ute to shared climate goals. Our results suggest that RES subsidies needed to cover end-user surcharges are in a
very reasonable range, if such viable RES trajectories are followed.
EU and Energy Community policies should be incorporated into national energy planning to ensure that SEE
countries embark on the energy transition process at an early stage. Stranded costs should be carefully con-
sidered in fossil-fuel generation and gas network investment decisions in order to avoid lock-in to carbon inten-
sive technologies. As household electricity expenditure may increase signiﬁcantly in some SEE countries in the
future, regardless of the decarbonization target set, this may require new policy approaches in the aﬀected
countries. Regional cooperation helps to handle security of supply issues and reduces the cost of decarboniza-
tion by enabling the utilization of the most economic RES resource potential in the region. EU and international
ﬁnancial institutions have a key role in this transition process by helping to meet growing investment needs
highlighted in this study. The results of the scenarios and the sensitivity assessment also suggest that establish-
ing an ETS scheme would be a major policy instrument in achieving 2050 carbon targets. The role of the EU and
Energy Community is key in order to direct WB6 countries in this direction, as presently ETS is not on their policy
agendas.
Notes
1. The Energy Community is an international organisation founded in 2005 with the key objective to extend the EU internal
energy market rules and principles to countries in South East Europe, the Black Sea region and beyond on the basis of a
legally binding framework.
2. SEERMAP is a research project dealing with the energy transition process of the electricity sector of the SEE region, ﬁnanced by
the Austrian Federal Ministry of Agriculture, Forestry, Environment and Water Management and the European Climate Foun-
dation. www.seermap.rekk.hu
3. For PRIMES model references, see E3M Lab/NTUA & IIASA (2016) and E3M Lab (2017).
4. The impacts of the Large Combustion Plant BREF (Commission Implementing Decision of 2017/1442) are not taken into
account in our modelling work, as it entered into force in July 2017.
5. For further details on the EGMM model, see Kiss, Selei, and Takácsné Tóth (2017).
6. For this calculation, assumptions were made with respect to the maximum availability of diﬀerent technologies. Fossil fuel
power plants were assumed to be available 95% of the time, and hydro storage 100% of the time. For other RES technologies
historical availability data was used.
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